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Abstract

Limited data exist regarding the impact of an acute bout of exercise with varying
intensities on irisin levels in the youth of different obesity statuses. The objectives
were to (1) compare an acute bout of moderate continuous intensity (MCI) exer-
cise and an acute bout of high-intensity interval training (HIIT) on irisin response
in youth with different obesity statuses and, (2) investigate whether changes in
irisin levels are correlated with exploratory outcomes. A randomized crossover
design study was conducted on 25 youth aged 12-18 years old. Participants were
classified as either healthy weight (BMI percentile <85; n = 14) or overweight/
obese (BMI percentile >85; n = 11). Participants performed an MCI exercise
session at 50% of heart rate reserve for 35 min and a HIIT exercise session for
35 min, with intervals every 5 min increasing from 50% heart rate reserve to 85-
90% for 2 min. Irisin was measured using an enzyme-linked immunoabsorbent
assay from plasma sampling obtained throughout the exercise (at times 0, 7, 14,
21, 28, and 35 min). A time effect was observed throughout the HIIT session
[F(1,5) = 6.478, p < 0.001]. Bonferonni post-hoc analysis revealed significant dif-
ferences in irisin levels post-exercise (35 min) compared to times 7, 14, 21, and
28 min. Irisin increased during HIIT (81.0% + 71.3; p = 0.012) in youth with a
healthy weight. No differences were observed for youth living as overweight or
with obesity. Overall, HIIT elicits a higher peak irisin response compared to MCI

exercise training in youth.
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1 | INTRODUCTION of peroxisome y and its coactivator-la (PGC-1a) which;
in turn, increases the expression of the fibronectin type
III domain-containing protein 5 (FNDC5) gene (Bostrém
etal., 2012). The cleavage of this polypeptide protein at the

N-terminal is known as the hormone irisin. This hormone

Irisin is an adipo-myokine primarily secreted by myo-
cytes following skeletal muscle contractions (Bostrém
et al., 2012). Muscle contractions lead to the activation
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plays an integral role in energy metabolism by converting
white fat to brown fat, which increases thermogenesis
(Ahima & Park, 2015; Bostrom et al., 2012). Thus, irisin
has been suggested as a potential mechanism for health
benefits in individuals living with obesity and Type 2
diabetes.

Bostrom et al. (2012) observed a 2-fold increase in
plasma irisin following chronic aerobic exercise in adults,
and others have corroborated these results (Hecksteden
et al., 2013; Miyamoto-Mikami et al., 2015). However,
a meta-analysis of chronic exercise training revealed a
significant decrease in circulating irisin concentrations
(Qiu et al., 2015). Interestingly though, in a recent meta-
analysis by our group, a 15% increase in circulating irisin
concentrations was observed in adults following an acute
bout of exercise (Fox et al., 2018). Although many stud-
ies have been published over recent years on irisin release
during exercise, most of the available data is focused on
adults, and little exists in youth. Research conducted by
our team suggests that, in youth, acute aerobic exercise
is associated with a significant increase in plasma irisin
(29.23 + 6.96 ng/ml vs. 39.30 + 7.05 ng/ml; p = 0.028)
(Blizzard LeBlanc et al., 2017). Others that have studied
irisin in youth have found inconsistent results. For ex-
ample, some authors suggest that plasma irisin increases
post-exercise in youth (Cai et al., 2019); however, others do
not support such claims (Palacios-Gonzalez et al., 2015).
Palacios-Gonzales et al. (2015) found no change in serum
irisin concentrations following an 8-month physical activ-
ity program in youth. Discrepancies between these studies
could be explained by the complexity of exercise prescrip-
tions, which might vary across studies in terms of supervi-
sion, mode, and intensity of exercise.

Studies performed in adults suggest that exercise inten-
sity is an important factor to consider when investigating
irisin’s response to exercise. In these studies, a significant
increase in irisin with high-intensity interval training
(HIIT) is obrserved as opposed to moderate continuous
intensity (MCI) exercise (Eaton et al., 2018; Murawska-
Cialowicz et al., 2020; Rashti et al., 2019; Rezaeimanesh,
2020). To the best of our knowledge, the research of
Archundia-Herrera et al. (2017) is the sole study to in-
vestigate irisin release in youth following an acute bout
of exercise of different intensities. This study observed
a significant increase in skeletal muscle FNDC5 mRNA
in adolescent females following HIIT as opposed to
MCI exercise, while no difference was observed in the
change of plasma irisin concentrations for HIIT (3.59 ng/
ml + 1.29 to 3.70 ng/ml + 1.26) when compared to MCI
exercise (3.66 ng/ml + 0.80 to 3.56 ng/ml +0.69; p = 0.62)
(Archundia-Herrera et al., 2017).

Therefore, the current data available on the impact of
exercise on irisin response in youth are scarce. Since most

data are from an adult population; did not provide data
on the acute increase of irisin throughout the duration
of the exercise session; and did not investigate irisin re-
lease in youth with different obesity statuses. The primary
objective of this study was to investigate irisin release re-
sponse during an acute bout of MCI exercise and HIIT in
the youth of a healthy weight compared to those living
as overweight or with obesity. The secondary objective
was to investigate whether changes in irisin levels during
exercise translate to changes in exploratory outcomes in-
cluding metabolic profile, body composition, and cardio-
respiratory fitness level.

2 | MATERIALS AND METHODS
2.1 | Study design and participant
enrollment

A randomized crossover design trial was performed to
compare irisin responses during MCI exercise to HIIT in
youth. Between September 2016 and August 2017, par-
ticipants were recruited using social media platforms,
newspapers, family physician clinics, and community
events. Following pre-screening on the phone, eligible
participants were asked to come to the Cardiometabolic
Exercise and Lifestyle Laboratory for additional screening
and baseline testing. Overall, 40 youth were screened and
deemed eligible for participation, and a total of 25 partici-
pants (13 males, 12 females) completed the study (Figure
1). All participants provided a consent form along with
parental consent.

Participants were included in the study if they were:
(1) Between 12 and 18 years old, and (2) had a body mass
index (BMI) percentile either below the g5 percentile
for participants with a healthy weight, or for participants
living as overweight or with obesity, a BMI equal to or
above the 85" percentile. Exclusion criteria included: (1)
Taking any medication known to impact glucose metab-
olism, cause significant changes in weight, or be taking
Metformin (which is known to impact irisin levels); (2)
individuals living with a condition or injury that would
impact their ability to perform the cycling sessions; and
(3) individuals with glucose metabolism disorders, Type 2
diabetes mellitus or impaired glucose tolerance.

BMI was calculated using the following formula:
Weight (kg)/height (m?). Height and weight measure-
ments using the Canadian Society for Exercise Physiology
(CSEP) protocol using a calibrated column scale (SECA®
model #213, Hamburg, Germany) (Canadian Society for
Exercise Physiology, 2013). Briefly, height was measured
following inhalation to the nearest 0.5 cm, while partic-
ipants stood up straight with their feet together, arms
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FIGURE 1 Participant flowchart

Eligible participants
(n= 40)

Declined to participate (n = 5)
Personal reasons (n = 2)
No parental consent (n=2)

Initial sample size
(n=31)

Did not complete testing (n = 2)
Personal reasons (n = 2)
Declined to participate (n = 1)

Sample size following baseline testing
(n =26)

Declined to participate (n = 1)

Final sample size
(n =25)

to their side, and without shoes (Canadian Society for
Exercise Physiology, 2013). For weight, the measurement
was taken with minimal clothing and was measured to the
nearest 0.1 kg (Canadian Society for Exercise Physiology,
2013). The according BMI was applied against the partic-
ipant's age to determine the corresponding BMI zscore
score, as per the WHO Growth Charts for Canada (World
Health Organization, 2014a, 2014b).

2.2 | Exposure variable—exercise
intensity

Following baseline testing, participants took part in two
acute sessions of exercise training on a cycle ergometer:
One MCI cycling session and one HIIT cycling session

(Figure 2). The MCI cycling session involved 35 min of
cycling at 50% heart rate reserve (HR egere), While HIIT
consisted of intervals at 50% HR cserve fOr 5 min followed
by 2 min of cycling at 85%-90% HR e Five intervals
were completed over a total of 35 min of cycling in the
HIIT cycling session. HR v Was calculated using the
following formula: HR ogerve = (HR o —HR o) X %inten-
sity—HR . Participants’ HR ., was measured using the
CSEP protocol (Canadian Society for Exercise Physiology,
2013). Briefly, participants were asked to sit and relax
with their feet flat on the floor for 5 min (Canadian
Society for Exercise Physiology, 2013). Then, heart rate
was measured using a 15-s count and was multiplied by
four to determine beats per minute (Canadian Society for
Exercise Physiology, 2013). Participants’ HR,,,, was de-
termined using a VO, test. Heart rate was measured
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FIGURE 2 Experimental design & timeline. (Created with BioRender.com)

during the two acute sessions of exercise and VO, test
using a Zephyr™ BioHarness and OmniSense software
(Medtronic, California, USA).

2.3 | Outcome measure—plasma irisin
concentration

Blood samples were collected intravenously by a reg-
istered nurse using a vacutainer coated with the anti-
coagulant ethylenediaminetetraacetic acid (EDTA), as
recommended by the manufacturer. Blood draws were
performed at the following timepoints: Pre-exercise
(0 min), and during the exercise at 7, 14, 21, 28, and imme-
diately post-exercise at 35 min. Blood samples were then
centrifuged for 15 min at a spin rate of 16,000 g at 4°C
to separate the plasma from the serum in the blood sam-
ple. Plasma was then collected and stored at —80 °C until
further analysis. Irisin levels were measured at each time
point using an Enzyme-Linked Immunosorbent Assay
(ELISA) from Phoenix Pharmaceuticals Inc. (EK-067-29)
per the manufacturer's protocol. The optical densities of
the ELISA plate wells were measured using an EPOCH
2 Microplate Spectrophotometer (Biotek, Vermont, USA)
with Gen5 software at a wavelength of 450 nm. Then,
irisin concentrations were extrapolated from the optical

density measurements using Prism version 8 (GraphPad
Software, CA, USA).

2.4 | Exploratory variables

2.4.1 | Body composition

Body composition was estimated using the BodPod ver-
sion 1.69 (COSMED, California, USA). The BodPod is a
reliable and validated tool that estimates body composi-
tion, with error scores in our lab being 3.5% for body
fat percentage and 0.8% for fat-free mass (Colpitts et al.,
2021). Participants wore tight-fitting clothing and a bath-
ing cap while sitting still and breathing normally dur-
ing the test. Based on participants’ body density value,
fat-free mass and fat mass were estimated using the Siri
formula [% Body Fat = (495/Body Density) — 450] (Siri,
1993).

2.4.2 | Waist circumference

Waist circumference was measured using the CSEP proto-
col (Canadian Society for Exercise Physiology, 2013). The
measurement was taken after a normal expiration at the
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upper lateral border of the iliac crest (Canadian Society for
Exercise Physiology, 2013). Participants stood with their
feet shoulder-width apart and their arms crossed on their
chest (Canadian Society for Exercise Physiology, 2013). An
anthropometric tape measure was used for the measure-
ment and waist circumference was recorded to the nearest
0.5 cm (Canadian Society for Exercise Physiology, 2013).

2.4.3 | Metabolic profile

Metabolic profile consisted of blood pressure, total choles-
terol, HDL and LDL cholesterol, triglyceride levels, and glu-
cose levels. Blood pressure was measured twice using the
CSEP protocol (Canadian Society for Exercise Physiology,
2013). Participants were asked to sit for 5 min before tak-
ing each measurement (Canadian Society for Exercise
Physiology, 2013). The average of the two measurements
was used for resting blood pressure (Canadian Society for
Exercise Physiology, 2013). Lipid and glucose profiles were
obtained using the Cholestech LDX Analyzer (Alere Inc.,
Massachusetts, USA) following a 12-h fast. An alcohol swab
was used to clean the participant's left ring finger and was
then dried off with a gauze pad (Cholestech LDX Analyzer,
2019). The finger was pricked with a lancet, then the tester
gently compressed the finger to collect blood within the
capillary tubes before transferring them into the cassette
(Cholestech LDX Analyzer, 2019). The cassette was then
inserted into the Cholestech LDX Analyzer for analysis.
The Cholestech LDX Analyzer has been previously vali-
dated (Carey et al., 2006).

A single composite measure z-score was created using
two strategies. The first strategy included a multiple linear
regression model with the individual variables of interest
as outcome measures, with age and sex as independent
variables. Since blood pressure is usually associated with
height (Bourgeois et al., 2017), height was also included as
a covariate in the models for systolic and diastolic blood
pressure. Regression residuals were kept for all meta-
bolic outcomes and used as individual cardiometabolic
z-scores. The second strategy consisted of the sum of all
of the measured cardiometabolic risk factors to create a
single cardiometabolic z-score. To account for the inverse
relationship between HDL-cholesterol and cardiovascular
risk, HDL cholesterol residuals were multiplied by a neg-
ative constant (—1) before being added to the composite
score, as done previously (Rioux et al., 2017).

2.4.4 | Cardiorespiratory fitness

Cardiorespiratory fitness was measured by perform-
ing a graded cycle ergometer test using a TrueMax

NsBoss =) Physiological ReportstLfl2
2400 Metabolic Measurement Cart (ParvoMedics, Utah,
USA). Participants were instructed to pedal at a cadence of
60-65 revolutions per minute. Participants began cycling
at 25 Watts and the wattage was increased by 25 watts
every 2 min until a respiratory exchange ratio (RER) of
1.00 was obtained by the participant. Then, the resistance
was increased by 25 Watts per minute until participant
exhaustion, as before (Sénéchal et al., 2013, 2015). The
average of the highest six consecutive VO, values (using
5-second averages) was used to estimate the participants’
VO,peq Score. Maximum heart rate and RER were also
recorded.

2.5 | Statistical analysis

Baseline characteristics are presented as mean (SD) for
continuous variables and N (%) for categorical variables
unless otherwise stated. Shapiro-Wilk tests were used
to test for normality, and visual exploration of the data
was performed to further investigate the normality of
the distribution. Repeated measures analyses of variance
(ANOVAs) were performed to investigate (1) the interac-
tion between time and exercise mode on irisin release,
and (2) the interaction between time and obesity status
on irisin release. Bonferroni posthoc analyses were used
to identify any timepoint differences in irisin concentra-
tions. Independent sample t-tests were performed to deter-
mine group differences in baseline measurements. Paired
sample t-tests were performed to determine whether there
was a significant difference between baseline irisin levels
(time 0 min) and peak irisin levels, as well as differences
between percent change in irisin levels per condition and
group. One sample t-tests were used to determine whether
there was a significant difference between the percent
change of irisin throughout the exercise (0 min to peak iri-
sin levels) in comparison to 0% change per condition and
group. Bivariate Pearson’s correlations were performed to
investigate if changes in irisin concentration were associ-
ated with exploratory outcomes. Data management and
statistical analyses were performed using SPSS version 16.
A p £0.05 was considered significant.

3 | RESULTS

No difference was observed in the proportion of males
between the participants with healthy body weight (50%)
and those living as overweight or with obesity (54.6%;
p = 0.830). Participants living as overweight or with obe-
sity had a significantly higher fat mass [25.46 kg (SD 15.68)
vs. 11.55 kg (SD 4.91); p = 0.005] compared to participants
with a healthy weight, while no significant difference was
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observed for fat-free mass (p = 0.526) between groups
(Table 1). Participants with a healthy weight had signifi-
cantly higher cardiorespiratory fitness [44.18 ml/kg/min
(SD 8.75)] compared to those living as overweight or with
obesity [34.80 ml/kg/min (SD 7.24); p = 0.009]. No differ-
ence in baseline irisin levels was observed between obesity
groups for either condition (all p > 0.05).

Change in irisin (between baseline and peak irisin)
was negatively correlated with total fat mass (—0.499;
p = 0.036; Figure 3a) and LDL cholesterol (—0.645;
p = 0.007; Figure 4a) in MCI exercise while no such re-
sults were observed for HIIT (Figures 3b and 4b). No cor-
relations were observed between the change in irisin and
other exploratory variables (all p > 0.05; Table 2).

physilogical
Sockty

Figure 5a-c present the results from the repeated
measures ANOVAs that explored differences in irisin
concentration across time points for the whole sample,
stratified by the exercise intensity, and for both exercise
sessions stratified by obesity status. A significant time
effect was observed when looking at the whole sam-
ple [F(1,5) = 7.812, p < 0.001; Figure 5a]. Bonferonni
posthoc analyses revealed significant differences in iri-
sin concentration between 35 min and 7, 14, 21, and
28 min (all p < 0.05). Irisin concentration was not
significantly different between any of the time points
during the MCI exercise session (Figure 5b). However,
a significant time effect was observed for the HIIT ses-
sion [F(1,5) = 6.478, p < 0.001; Figure 5c]. Bonferonni

TABLE 1 Baseline characteristics of

fe=a11t4hy weight ool:,:sriwt;ilg:tl(;r p the sample stratified by obesity status
Age (years) 17.14 + 1.66 16.27 + 2.05 0.253
Sex (% males) 7 (50.0) 6 (54.5) 0.830
Anthropometrics
Weight (kg) 62.35+11.93 79.15 + 15.45 0.005
BMI (kg/m?) 20.30 + 2.19 25.29 +2.83 < 0.001
BMI Percentile 48.57 +19.98 90.64 + 6.50 < 0.001
BMI z-score —0.21 £ 0.65 1.31 + 0.57 < 0.001
Waist circumference (cm) 79.02 + 11.85 88.16 + 13.96 0.090
Fat mass (kg) 11.55 +4.91 25.46 + 15.68 0.005
Fat mass (%) 19.09 + 8.34 28.15 + 10.95 0.027
Fat-free mass (kg) 55.39 + 14.42 59.09 + 14.08 0.526
Metabolic profile
Systolic BP (mmHg) 111.70 + 15.05 117.10 + 15.14 0.386
Diastolic BP (mmHg) 71.89 + 7.65 75.14 + 6.47 0.273
Total cholesterol (mmol/L)  4.38 + 0.84 431 + 0.84 0.851
HDL cholesterol (mmol/L)  1.57 £ 0.32 1.48 + 0.51 0.599
LDL cholesterol (mmol/L) 2.43 + 0.88 2.52 + 0.87 0.808
Triglycerides (mmol/L) 1.01 + 0.40 1.07 + 0.56 0.778
Glucose (mmol/L) 5.03 + 0.40 5.31 + 0.45 0.123
Metabolic z-score —0.67 + 1.69 0.86 + 2.48 0.080
Fitness and activity levels
CRF (ml/kg/min) 44.18 + 8.75 34.80 + 7.24 0.009
CRF (ml/FFM/min) 51.46 + 12.47 47.40 +£9.78 0.386
Baseline irisin concentrations
MCI (ng/ml) 20.65 + 8.05 20.34 + 5.68 0.917
HIIT (ng/ml) 19.32 + 13.16 16.23 +£9.47 0.533

Note: Continuous variables are presented as means + standard deviation. Categorical variables are
presented as n (%). Bolded values represent a significant difference between groups; alpha level at 0.05.

Abbreviations: BMI, body mass index; BP, blood pressure; CRF, cardiorespiratory fitness; HDL, high
density lipoprotein; HIIT, high intensity interval training; LDL, low density lipoprotein; MCI, moderate

continuous intensity; MVPA, moderate-to-vigorous physical activity.
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TABLE 2 Pearson correlations between the change in plasma
irisin and exploratory measures for the whole sample

HIIT
MCI T0-Peak TO-Peak
Age (years) —0.035 —0.288
Weight (kg) —0.290 —0.233
BMI (kg/m?) —0.126 —0.095
Waist circumference (cm) —0.397 —0.167
Fat mass (%) —0.401 0.055
Fat-free mass (kg) 0.255 —0.181
Systolic BP (mmHg) —0.106 —0.330
Diastolic BP (mmHg) —0.324 —0.264
Total cholesterol (mmol/L) —0.463 —0.255
HDL cholesterol (mmol/L) 0.235 0.022
Triglycerides (mmol/L) —0.234 —0.205
Glucose (mmol/L) 0.190 —0.021
Metabolic z-scores —0.071 0.144
CRF (ml/kg/min) 0.091 —0.183

Note: Data presented as Pearson correlations. Bolded values represent
significant correlation; alpha level at 0.05.

Abbreviations: BMI, body mass index; BP, blood pressure; CRF,
cardiorespiratory fitness; HDL, high density lipoprotein; HIIT, high intensity
interval training TO, timepoint 0 min; MCI, moderate continuous intensity;
MVPA, moderate-to-vigorous physical activity.

posthoc analyses revealed significant differences in
irisin concentration between 35 min and 14, 21, and
28 min of HIIT (all p < 0.05).

LDL Cholesterol (mmol/L)

Figure 6a-c present the percent change in irisin con-
centration from baseline to peak irisin levels for the whole
sample and stratified by obesity status. For the whole
sample, percent change in irisin during the MCI exercise
and HIIT sessions were significantly different (p = 0.049;
Figure 6a), with irisin concentration increasing in both
the MCI exercise [27.5% (SD 46.3), p = 0.022] and HIIT
sessions [69.5% (SD 81.6), p = 0.001]. A significant in-
crease in peak irisin was observed for the HIIT session
[57.4% (SD 72.0); p = 0.012]; however, this was not sig-
nificantly different when compared to the MCI exercise
session [38.4% (SD 54.1), p = 0.272; Figure 6b] in youth
with a healthy weight. For youth living as overweight
or with obesity, no significant difference in the percent
change in irisin was observed between MCI exercise and
HIIT (p = 0.079; Figure 6¢).

4 | DISCUSSION

The main objective of this study was to investigate the
changes in irisin during an acute bout of MCI exercise
and HIIT using a randomized crossover design com-
paring youth living as overweight or with obesity to
youth with a healthy weight. Our main findings sug-
gest that: (1) Significant differences in irisin concentra-
tions were observed over time during an acute bout of
HIIT, (2) significant differences in percent change in
irisin concentrations were observed between exercise
conditions, (3) youth with a healthy weight elicited an
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increase in irisin concentration during HIIT session,
whereas those living as overweight or with obesity did
not have a significant change in irisin during exercise,
and (4) fat mass and LDL cholesterol were negatively
correlated with irisin release. These findings provide
further insight on the impact of exercise intensity on
irisin release in the youth of different obesity statuses
and provide relevant information for the management
of obesity and obesity-related cardiometabolic risk fac-
tors in youth.

4.1 | Eliciting irisin bioavailability in
youth living as overweight or with obesity

A significant time effect was observed for change in irisin
over the course of 35 min of aerobic exercise in the whole
sample of youth. In addition, when stratifying these analy-
ses per condition, we found a time effect only for HIIT,
while no such results were observed for MCI. These re-
sults align with previous data (Huh et al., 2015; Kim et al.,
2016) showing that aerobic exercise increases the release
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of irisin. More importantly, this result is in accordance
with a meta-analysis published by our group, suggesting
that acute exercise leads to increases in irisin release (Fox
et al., 2018). We build on pre-existing data of irisin me-
tabolism and exercise by documenting the irisin response
in youth. A time effect was observed, but only in the HIIT
group, which is in line with previous findings performed
in adults (Archundia-Herrera et al., 2017; Daskalopoulou
etal., 2014; Tsuchiya et al., 2014) that show irisin increases
in a dose-response manner with an intensity of aerobic
exercise. However, Winn et al. (2017) investigated irisin
levels pre-exercise and 30, 50, 80, and 190 min into both
MCI exercise and HIIT in female adults living with obesity
and observed peak irisin levels at 50 min for both exercise
intensities. Having said that, it is possible that a time ef-
fect may have been observed in the MCI exercise session
as well if we analyzed irisin concentrations post-exercise.

4.2 | Potential setpoint
alteration of irisin amongst youth living as
overweight or with obesity

Interestingly, when looking at the whole cohort of youth,
irisin levels significantly increased from baseline to peak
in both exercise conditions—with HIIT displaying the
greatest change. BMI stratified analyses revealed that
youth with a healthy weight displayed a significant in-
crease in irisin concentration when performing HIIT;
however, no such difference was observed for the MCI
exercise session. This is consistent with previous find-
ings from Huh et al. (2014), who observed a significant
increase in irisin concentrations following HIIT swim-
ming in adolescents; however, no increase was observed
during a bout of MCI swimming (Huh et al., 2014). These
findings suggests that exercise intensity plays a key role in
irisin release, specifically in youth. In the current trial, no
significant change was observed in youth living as over-
weight or with obesity. This lack of change could be ex-
plained by methodological differences in comparison to
previous literature. For example, Blizzard-LeBlanc et al.

(2017) observed a 60% increase in irisin release following
45 min of MCI aerobic exercise at 60% of heart rate re-
serve (29.23 ng/ml +6.96-39.30 ng/ml +7.05; p = 0.028).
Although, the BMI classification for obesity between stud-
ies was different; the present study included both youth
living as overweight or with obesity (>85" percentile),
whereas the former study investigated those solely living
with obesity (95" percentile) (Blizzard LeBlanc et al.,
2017). Additionally, their exercise intensity was slightly
higher and exercise duration was 10 min longer (Blizzard
LeBlanc et al., 2017), which may impact irisin release.
Furthermore, Archundia-Herrera et al. (2017) observed
a significant increase in muscle irisin levels following
HIIT in adolescent females while they did not report any
changes following MCI exercise. However, they did not
observe differences in plasma irisin release between con-
ditions (Archundia-Herrera et al., 2017). Together, our
findings add to the existing literature on the impact of ex-
ercise intensity on irisin release in youth, suggesting that
HIIT may elicit higher levels of irisin release, especially in
youth with a healthy weight.

4.3 | Risk factors associated with
participant’s irisin bio-availability

In the current study, change in irisin was negatively cor-
related with fat mass and LDL cholesterol. The relation-
ship between irisin and fat mass has been extensively
researched in adults (Elizondo-Montemayor et al., 2019;
Pardo et al., 2014; Zhang et al., 2020). However, these
studies are limited to the analysis of irisin release with
chronic exercise interventions and few on acute exer-
cise interventions, reporting only resting irisin measures
(without the change during exercise), and inconsistent
results. For example, a cross-sectional analysis revealed
that youth living with obesity had higher irisin levels
at rest [141.2 ng/ml, (IQR 90.1-195.9)] compared to a
healthy weight control group [107.6 ng/ml, (IQR 89.5-
138.3); p = 0.024] (Catl et al., 2016). These findings, in
combination with the current trial, suggests that fat mass
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may be a key mediator in terms of irisin release in youth.
The relationship between irisin and LDL cholesterol has
been inconsistent in the literature, with findings differ-
ing according to the population studied and age group.
In both De Meneck et al.’s (2018) and Shim et al. (2018)
analyses, no relationship was observed between LDL
cholesterol and irisin in children living as overweight or
with obesity, respectively. This was similar to our analy-
sis, as when stratifying per BMI category, no association
was found between LDL cholesterol and irisin in those
living as overweight or with obesity (results not shown).
However, an inverse relationship between the two vari-
ables emerged when analyzing the entire cohort of youth
in our study, which has also been documented in adults
(Oelmann et al., 2016). Altogether, these findings sug-
gest that LDL cholesterol may play a role in irisin release
in youth, regardless of BMI classification.

4.4 | Strengths and limitations

Although our study provides novel insight into the impact
of exercise intensity on irisin release in the youth of dif-
ferent obesity status, some limitations should be noted.
First, the exclusion of a non-exercising control condition
limits the inferences that can be made with our findings.
Likewise, the inclusion of important clinical health meas-
ures (such as insulin resistance) would have provided
increasingly relevant information on their association
with irisin release. The exclusion of a post-exercise irisin
measurement eliminated our ability to explore whether
irisin release peaked following the completion of exercise.
Nevertheless, the current study is strengthened by being
the first to compare irisin release during exercise in both
youth living as overweight or with obesity and in those
with a healthy weight. Additionally, the nature of both the
primary exposure and outcome measure was strictly con-
trolled for by the use of heart rate reserve for the HIIT and
MCI conditions.

5 | CONCLUSION

Our findings suggest differences exist in irisin release
between the two exercise conditions in youth. More spe-
cifically, HIIT elicits a higher peak irisin concentration
compared to MCI exercise; specifically in healthy weight
youth as opposed to youth living as overweight or with
obesity. Future research should focus on relating irisin
release to other health outcomes and investigating the
time in which irisin release peaks during various exercise
modalities.
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